Introduction

9
Stroke is a major cause of long term disability in the adult population worldwide 1 . 10
About half of the individuals who suffer a stroke have remaining upper extremity 11 impairments, 2, 3 such as muscle weakness, reduced somatosensation, spasticity and synergistic 12 movements which can affect the motor control. 4 Muscle weakness is the most common 13 impairment in the upper extremity after stroke and thereby an important contributing factor to 14 the reduced ability to use the arm and hand in daily activities. 5, 6 15 To be able to assess muscle strength in the upper extremity, valid and reliable outcome 16 measures are important. In a previous study, we have showed that isometric and isokinetic 17 muscle strength measurements in the upper extremity can be reliably measured in persons 18 with chronic stroke. 7 Isometric grip strength was measured with a modern computerized grip 19 dynamometer and arm strength (isometric shoulder abduction, elbow flexion and isokinetic 20 elbow extension/flexion) was measured with a gold standard isokinetic dynamometer. 8, 9 21 However, as isokinetic equipment is expensive, stationary, and the measurement procedure 22 time-consuming, it is less practical in the clinical setting. Modern computerized grip strength 23 dynamometers are, on the other hand, precise, portable and easy to use and therefore more 24 time-efficient. 25
As grip strength is easy to measure it would be advantageous if grip strength could be 26 used as a proxy for muscle strength in the entire upper extremity after stroke. However, very 27 few studies have investigated the association between grip strength and arm strength after 28 stroke. One small study (n=12) showed strong correlations between grip strength and 29 isokinetic muscle strength in the shoulder stabilizers. 10 Another study found strong 30 correlations between grip strength and isometric arm strength, measured by a hand-held 31 dynamometer in the acute phase after stroke.
11 To the best of our knowledge, no study has 32
Association of grip and arm strength after stroke 3 thoroughly investigated the association between grip strength and isometric and isokinetic 33 shoulder and elbow muscle strength in a stable phase after stroke. 34
The aim of this study was therefore to investigate the association between grip strength 35 and arm muscle strength in persons with chronic stroke. 36
37
Methods
38
This study is a secondary analysis of data from our previous methodological study of 39 upper extremity muscle strength measurements after stroke. 7 In that study the test-retest 40 reliability of isometric arm strength (shoulder abduction and elbow flexion) and isokinetic 41 arm strength (elbow extension/flexion) and isometric grip strength were evaluated in 45 42 persons with mild to moderate impairments in upper extremity. The participants were 43 measured twice (on two occasions), one week apart. In the present study, data from the 44 second test occasion were used, as the performance was slightly better during the second test 45 occasions than the first, indicating a small learning effect. 
Statistical methods 114
The characteristics of the sample are presented as frequencies, means and standard 115 deviations (SD). All muscle strength measurements are presented as means and SD as they 116 were symmetrically distributed, as well as ratios between the more affected and the less 117 affected upper extremity. The associations between grip strength and arm muscle strength 118 measurements were evaluated with the Pearson's correlation coefficient (r) and interpreted as 119 < 0.3 = poor, 0.3 to 0.6 = fair, > 0.61 to 0.8 = moderately strong, and > 0.8 = very strong. 
Results
124
In Table 1 
138
The mean values (SD) and ratios (more affected/less affected) for the grip and arm 139 strength measurements are presented in Table 2 
144
The correlations between the grip strength and the arm strength measurements were 145 significant (P < .0001) for both the more affected upper extremity (r = 0.77 to 0.82) and the 146 less affected upper extremity (r = 0.65 to 0.82) ( Table 3) . 147 
Discussion
150
In this secondary analysis of data from our previous test-retest reliability study 7 , we 151 investigated the association between grip strength and isometric and isokinetic arm strength in 152 the shoulder and elbow muscles in persons with mild to moderate paresis in the chronic phase 153 after stroke. There were moderately strong to very strong correlations between the grip 154 strength and the arm strength measurements for both the more affected and the less affected 155 upper extremity. 156
The ratios between the more affected and the less affected upper extremity were similar 157 for the shoulder, elbow and hand muscles (0.70 to 0.78). This underscores that the participants 158 in our study were mildly to moderately affected in their upper extremity and that the weakness 159 was approximately equally distributed in the muscles measured between the upper 160 extremities. Our findings are thereby in agreement with other studies that have reported 161 similar strength ratios and distribution of weakness in the shoulder, elbow and hand in the 162 upper extremity after stroke. 5, 15, 16 
